ABSTRACT Naphthyl Red moiety, conjugated to DNA, shows distinct chromism by hybridization with its complementary DNA. Single-stranded DNA involving Naphthyl Red moiety exhibits orange color and has lmax at 466 nm at pH 7.0. Absorption maximum shifts towards 545 nm by the presence of its complementary DNA, and accordingly color of the solution changes from orange to magenta.'
INTRODUCTION
Various organic dyes have been developed as probes to detect or visualize oligonucleotides. Chromosome can be stained with quinacrine by its intercalation between the base-pairs, and thus is easily discriminated fiom other organelles in the cell. Thiazole orange is available for the detection or purification of RNAs since it can selectively stain RNAs. Some cyanine dyes are known to be selectively bound to the groove of duplex by forming J-or H-aggregates. However, little has been investigated on the organic dye probe that changes its color by DNA hybridization. If hybridization of oligonucleotides can be easily detected as a change of color, scope of the application should be extended such as SNPs detection by naked eyes.* Here, we report on the Naphthyl Red conjugated to the DNA as a visualizing probe of DNA hybridization. Significant change of absorption maximum (orange to magenta) is induced when this conjugate is hybridized with its complementary DNA.
RESULTS AND DISCUSSION
Chemical structure of Naphthyl Red and the sequence used in this paper are shown in Figure 1 . Naphthyl Red moiety was introduced into DNA using phosphoramidite monomer in a similar manner as previously reported.3m4 Single Scheme 1. Chemical structure of Naphthyl Red moiety and the sequences used in this paper. stranded X1 exhibited orange color and its peak maximum appeared at 466 nm (see dotted line in Figure 1A ). On the contrary, when X1 was hybridzed with its complementary strand C1, the peak at 466 nm disappeared and new peak at 545 nm appeared. Accordingly, the solution changed its color fiom orange to magenta. When the temperature of this solution was raised above T, of Xl/Cl, its color became orange because the duplex was dissociated. This color change was completely reversible and the solution became magenta again by lowering the temperature below T, . In addition, the melting temperature obtained from the change of absorbance at 550 nm (43.5 "C) almost coincided with the T, at 260 nm. Therefore, duplex formation of DNA is responsible for the chromism of Naphthyl Red. By using DNA-Naphthyl Red conjugate, hybridization can be detected by naked eyes. This chromism depended on pH of the sample solution as depicted in Figure 2 . Below pH 5.0, since both single-stranded X1 and Xl/Cl duplex had I,-at around 550 nm due to the protonation of Naphthyl Red, chromism of Naphthyl Red was hardly observed. When the pH of the solution was above 6.5, distinct chromism could be induced by hybridization. It should be noted that this chromkm was observed even when pH was as high as 9.0, where Naphthyl Red was deprotonated (see Scheme 1).
With this DNA-Naphthyl Red conjugate, mismatches can be detected as chromism of the dye. Melting temperatures for duplex containing mismatch are usually much lower than that of full-matched duplex. Therefore, at the middle of the temperature between the T,s of full-match and mismatch, this DNA conjugate can discriminate the sequence as a color change. Figure 3 shows UV-Vis spectra of X1 and C1, Xl/C2, X1/C3 and X1/C4 at 40°C which is between the T , of full-matched Xl/Cl and other mismatched duplexes (T, for Xl/Cl, C2, C3, and C4 are 44.5, 30.4, 31.2, and 32.9 "C, respectively). Difference of & between full-matched DNA and mismatches is about 50 nm, and the color of the solution of mismatched DNAs is orange while that of full-matched DNA is magenta. Thus, single mismatch in the duplex can be clearly and easily detected by using DNA-Naphthyl Red conjugate.
In conclusion, formation and dissociation of DNA duplex can be visualized by the use of DNA-Naphthyl Red conjugate, 350 400 450 500 550 600 650 Figure 3 . UV-Vis spectra of Xl/Cl (solid line), X1/C2 (dotted line), X1/C3 (dotted broken line), and X1/C4 (broken line) at 40 "C in the presence of 100 mM NaCI.
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